surrounding normal brain structures must be minimized. Conventional image-guided stereotactic biopsy cannot easily achieve selective removal of the most malignant region of heterogeneous tumor. In addition, specific cases present with difficulties, such as thalamic or brainstem lesion (particularly if the tumor is small), with associated higher morbidity and mortality. 8, 14 Because the conventional image-guided stereotactic biopsy depends only on the anatomical data, certain difficulties may sometimes arise.
Fifty years ago in France, the microrecording technique was systematically introduced into the stereotactic procedure in humans to study the electrical activity of thalamic neurons. 15, 24, 26 This technique provided precise and direct information about functional neuroanatomy in the deep subcortical structures and is recognized as one of the most reliable techniques to determine the final target point and to correct the inaccuracy of stereotactic procedures in individual cases. Although interpretation of microrecording data in the deep brain structures is sometimes difficult for neurosurgeons, our preliminary study showed that neural activity disappeared in the tumor, 29 which indicates that the tumor location could simply be identified based on the presence or absence of electrical activity. Therefore, the present method may enable neurosurgeons to perform this type of surgery even without detailed knowledge about the neuronal firing pattern of individual brain structures.
To resolve these problems, we have developed a method of image-guided stereotactic biopsy sampling that is performed with the aid of depth microrecording. The present study assessed the accuracy and safety of this method and investigated the correlations between the electrophysiological, MRI, and histological findings.
methods patient selection
Stereotactic biopsy was performed in 44 patients (19 female and 25 male patients) with various intracerebral lesions at our department between 1998 and 2013. Stereotactic biopsy was performed with the aid of depth microrecording for deep-seated and small lesions in 12 patients-5 females and 7 males-between the ages of 7 and 75 years (mean 47.9 years). Patient profile; tumor location, side, and diameter; operative method and time; and histological diagnosis are summarized in Table 1 . The tumors were located in the caudate nucleus (1 patient), thalamus (7 patients), midbrain (2 patients), and cortex (2 patients). Patients underwent T1-weighted MRI with addition of Gd, which showed tumor diameters of 10-45 mm (mean 20.8 mm) (Fig. 1 left) . The tumor vasculature and biopsy trajectory were evaluated with MR angiography and 3D CT angiography before surgery. Cerebral digital subtraction angiography was performed as needed. Stereotactic biopsy for surface or large lesions without microrecording was performed in the other 32 patients-14 females and 18 males-between the ages of 9 and 82 years (mean 62.9 years). Tumor diameter, location, diagnostic yield, histological diagnosis, complications, and operating time are summarized in Fig. 1 right. We obtained informed consent for the present method of treatment from all patients before surgery.
surgical procedure
Surgery with the aid of microrecording was performed with a frameless stereotactic system (NEURO-SAT, Mitaka Kohki Co., Ltd.) in 3 patients, and with a frame-based stereotactic system (Leksell stereotactic frame type G, Elekta Instruments) in 9 patients (Table 1) . Surgery without microrecording was performed with a frame-based stereotactic system in all 32 patients.
Frameless stereotactic system with microrecording
Preoperative T1-weighted MR imaging with addition of Gd was performed using a 1.5-T MRI scanner (SIGNA HTxt Ver23, General Electric Systems) with 2-mm gapless slices and 3 fiducial markers. The MRI data were input into the NEURO-SAT system. The target point was selected near the center of the tumor based on the findings of all imaging methods, including PET. The patient was placed supine in all cases. After introduction of general anesthesia with propofol, a standard bur hole was made. The electrode was inserted from the cortex into the tumor in Cases 1 and 2. A guide needle was inserted with a mandolin up to 31 mm from the target point in Case 3. The mandolin was then changed to a microelectrode and electrical activity was recorded from this point. The biopsy specimen was obtained using the biopsy needle at the point considered to be tumor tissue from depth microrecording. The biopsy needle consisted of a double cannula, with outer diameter of 2 mm and inner diameter of 1.5 mm, with a 10-mm side-hole length. After setting the center of the biopsy needle at the intended target point, the side hole was opened and sample tissue was aspirated into the cannula by applying negative pressure with an attached syringe. Then the side hole was closed to cut and obtain sample tissue. Two to 4 specimens were obtained at the same point by rotating the side hole. One or 2 samples were used for intraoperative pathological examination of rapid-frozen sections. The other samples were sent for pathological examination of permanent sections.
Frame-based stereotactic system with microrecording
In this subset of 9 patients surgery was conducted under local anesthesia in 8 patients, and under general anesthesia in Case 9, who was a 7-year-old child and could not remain still. Surgery was performed with the patient supine in all cases. After setting of the Leksell stereotactic frame type G, MRI was performed as described above. A 4-cm skin incision and 2-cm craniostomy were made at the point 9 cm superior to the nasion and 3 cm lateral from the midline. The coordinates of the tumor center were calculated after inputting the MRI data into the image navigation system (StealthStation Tria containing Framelink Software, Medtronic). A guide needle with a mandolin was inserted up to the point 15-35 mm above the target. The mandolin was removed at this point and a microelectrode was inserted using a micromanipulator to record the electrical activity in the brain. After the tumor location was estimated based on the electrophysiological recording data, the microelectrode was removed and a biopsy needle (outer diameter 2 mm and inner diameter 1.5 mm, sidehole length 10 mm) was inserted. Tissue samples were obtained by suction and cutting as described above. One or 2 samples of tumor tissue were used for intraoperative pathological examination of rapid-frozen sections in 8 patients (Cases 4-9, 11, and 12). All other samples, including that obtained in Case 10, were sent for pathological examination of permanent sections.
microrecording protocol
Microrecording was performed to study the electrical activities of the deep brain structures and disappearance of electrical activity in the tumor 29 in every case. These findings provided adequate information about the position of the electrode within the brain and the tumor to determine the final point for suction biopsy. We used a bipolar concentric needle-type electrode (steel-steel; outer diameter 0.4 mm, tip approximately 10 mm, interpolar distance approximately 500 mm, with electrical resistance less than 100 kW). Not only the unitary spike discharge but also the global background activity can be recorded using this electrode. The electrode was inserted from the cortex into the tumor in Cases 1 and 2. Except in these cases, the guide needle was advanced manually with a mandolin from the cortex to a point 15-35 mm from the target to avoid bleeding in the cortex. The microelectrode was then advanced from this point to the target by using a pulse motor-driven micromanipulator. The low-bandpass filter was used as needed. The usual trajectory from the prefrontal area to the thalamic tumor passed through the caudate nucleus, internal capsule, and thalamus. Our previous preliminary study revealed that these subcortical structures have characteristic electrical activity, whereas the tumor showed no detectable electrical activity, 29 so that we could distinguish the tumor clearly from the surrounding normal structure. The changes in the electrical activity pattern were similar for tumor in the midbrain, so that we could distinguish such tumors in the same way. Acquisition of the microrecording data required approximately 20 minutes in all cases.
correlations between electrophysiological, mri, and pathological Findings
We studied the correlations between the electrophysio- logical, MRI, and pathological findings. The electrophysiological findings were classified into 4 categories: stable neural activity; burst (irregular) neural activity; decreased neural activity (sudden decrease of neural activity below one-half amplitude of stable); and disappeared neural activity. The MRI findings were classified into 4 categories: 1) normal appearance; 2) high intensity on T2-weighted imaging without enhancement with Gd; 3) enhancement with Gd; and 4) low intensity on T1-weighted imaging. Additionally, the cases were classified into burst type ( Fig.  2A ) and simple type (Fig. 3A ) depending on the presence or absence of burst neural activity. In several cases, surgical specimens were obtained from different regions in the same tumor in which different electrophysiological findings were observed.
management after surgery
Head CT scanning was performed just after the operation, and MRI with Gd was performed on the day after surgery to confirm the site of sampling of the tumor.
results histological diagnosis and diagnostic Yield
Definitive histological diagnoses were obtained in all 12 patients who underwent surgery with microrecording, with a diagnostic yield per patient of 100%. The neoplastic diagnosis included low-grade glioma (LGG) (4 patients), high-grade glioma (HGG) (4 patients), diffuse large B-cell lymphoma (DLBCL) (3 patients), and germinoma (1 patient) ( Table 1 , Fig. 1 left) . Definitive histological diagnoses were obtained in 30 of the 32 patients who underwent surgery without microrecording, with a diagnostic yield per patient of 93.8%. Neuropathological examination was not conclusive in 2 patients. The diagnosis was LGG in 1 patient, HGG in 8 patients, and DLBCL in 21 patients (Fig. 1 right) .
postoperative complications
Transient sensory disturbance was observed in 1 patient with midbrain tumor (Case 11) just after surgery with microrecording. No other postoperative complications occurred. No permanent complication, symptomatic cerebral hemorrhage, or postoperative death was observed. Symptomatic hemorrhage and transient motor palsy occurred in 1 patient each, but no postoperative death occurred in patients treated surgically without microrecording.
electrophysiological Findings along the trajectory
High and stable neural activity was observed in the caudate nucleus or thalamus in patients with thalamic or midbrain tumor. Low positive neural activity was observed in the internal capsule. Stable thalamic neural activity was observed along the trajectory in 9 patients (Cases 1, 4-7, and 9-12). Neural activity had disappeared within the tumor in all cases. Neural activity began to decrease from 6.3 ± 4.5 mm (mean ± SD, range 2-18.4 mm) above the point of complete disappearance of neural activity in all cases. Additionally, irregular burst discharges were observed from 3 ± 1.4 mm (mean ± SD, range 1.5-4.5 mm) above the point of decrease of neural activity in 6 burst type cases (Cases 1, 4-6, 11, and 12). Injury discharges, which were found only during insertion of the electrode, were encountered at 0.5 to 1 mm along the trajectory between the area of decreased and disappeared neural activity in 9 patients (Cases 1, 4-9, 11, and 12). The electrophysiological findings along the trajectory in each patient are summarized in Fig. 4 . The area of injury discharge was included in that of decreased neural activity in this study. We could clearly distinguish the location of the tumor based on these electrophysiological findings.
Tumor biopsy was performed in the region of disappeared neural activity including the surrounding components of the tumor. Because insertion of the biopsy needle into the cyst might have resulted in insufficient sampling of the tumor in Case 10, biopsy was performed within both the region of decreased neural activity and that of disappeared neural activity based on the MRI and electrophysiological findings. The T2-weighted and diffusionweighted MRI studies had shown high-intensity lesion surrounding the enhanced lesion in Case 11, so biopsy was performed within the region of the T2-weighted MRI high-intensity lesion (decreased and burst neural activity) as well as within the region of enhancing lesion (disappeared neural activity) because both samples were necessary for diagnosis.
correlations between electrophysiological, mri, and pathological Findings
Preoperative MRI studies obtained with Gd demonstrated enhancement of the lesion in all 12 cases; homogeneous in 5 cases (Cases 3-5, 9, and 12) and heterogeneous in 7 cases (Cases 1, 2, 6-8, 10, and 11). The neural activity had disappeared in the tumor in all cases regardless of the enhancement pattern. Histological examination found that the samples taken within the region of disappeared neural activity consisted of tumor tissue in all 12 cases.
Decreased neural activity was observed from 6.3 ± 4.5 mm (range 2-18.4 mm) above the point of disappearance of neural activity in all cases. Burst neural activity was observed from 3 ± 1.4 mm (range 1.5-4.5 mm) above the point of decreased neural activity in 6 of 9 cases, in which the trajectory passed through the thalamus. The T2-weighted MRI studies showed a high-intensity area around the enhanced lesion in all of these 6 cases. Only 1 of the other 3 cases without burst neural activity showed such an area. The correlation between the appearance of burst neural activity and the presence of high-intensity area surrounding the enhanced lesion on T2-weighted MRI was studied using Fisher's exact test. The appearance of burst neural activity had a tendency to correlate with the presence of high-intensity area surrounding the enhanced lesion (p = 0.083). Tissue samples were obtained from regions of burst and decreased neural activity in Case 11 with malignant lymphoma. In this case, invasion of tumor cells at a much lower density was observed in the tissue sample taken from the region of burst and decreased neural activity (Fig. 5) . The histological diagnosis in the 6 cases with burst discharge was malignant lymphoma in 3 cases, and anaplastic astrocytoma, anaplastic oligodendroglioma, and germinoma in 1 case each. The histological diagnosis in the 3 cases without burst discharge was pilocytic astrocytoma in 2 cases and ganglioglioma in 1 case (Fig. 4) .
illustrative cases case 6 (burst type)
The patient was a 24-year-old man whose MRI studies (Fig. 2B-F) showed the tumor with ringlike or multicentric enhancement surrounding a nonenhanced region in the left thalamus to midbrain. We planned selective removal of the ring-enhanced lesion and set the tentative target point in the nonenhanced center of the lesion. After passing through the internal capsule, the electrode had reached the thalamus at 17.5 mm from the tentative target point. Burst neural activity was observed frequently from 14.5 mm to 10 mm. Neural activity began to decrease from 10 mm and finally disappeared from 4 mm to -2 mm (Fig. 2A) . After the side hole of the biopsy needle was placed from 9 mm to -1 mm, samples mainly including the enhanced lesion were obtained by rotating the biopsy needle at this distance. Additional samples were obtained from 6 mm to -4 mm. Pathological examination of permanent sections confirmed the diagnosis as germinoma (Fig. 2G ).
case 7 (simple type)
The patient was a 17-year-old boy whose MRI studies (Fig. 3B-D) showed the tumor as a ring-enhanced region in the right thalamus to hypothalamus. After passing through the caudate nucleus and internal capsule, neural activity increased in the thalamus. Neural activity began to decrease at 16.5 mm, and disappeared from 10 mm to -5 mm (Fig. 3A) . Biopsy samples were obtained from 10 mm to 0 mm and from 5 mm to -5 mm. Pathological examination of rapid-frozen sections provided a diagnosis of LGG and permanent sections confirmed pilocytic astrocytoma (Fig. 3E ).
case 10 (tissue sample with decreased and disappeared Neural activity)
The patient was a 66-year-old man whose MRI studies ( Fig. 6A and B) showed a multicentric tumor in the left temporal lobe and midbrain. Surgical removal of the left temporal lobe tumor was performed, and the histological diagnosis was anaplastic astrocytoma. Stereotactic biopsy was performed for histological diagnosis of the midbrain tumor. The tumor was a cystic lesion with only enhancement of the capsule. We planned selective biopsy of this enhanced lesion and set the tentative target at the center of the tumor. The microelectrode reached the thalamus at 33 mm from the tentative target. Neural activity began to decrease at 22.5 mm and disappeared from 15 mm to -5 mm. The patient's MRI studies had shown that the cystic wall was approximately 10 mm from the center of the tumor and the enhancement of the capsule wall was 4-5 mm thick, the outer edge of which was estimated to be approximately 15 mm and the inner one 10 mm from the target Fig. 4 . Schematic representation of the relationship between the electrophysiological finding, the tissue sampling area, and the final pathological diagnosis. Numerical value on the scheme of neural activity or beside the sampling area shows distance from the tentative target point in millimeters. Blue label shows stable neural activity, yellow label shows burst discharge, light blue label shows decreased neural activity, and black label shows disappeared neural activity. Green label shows sampling area of the tumor. AA = anaplastic astrocytoma; AOA = anaplastic oligoastrocytoma; AOD = anaplastic oligodendroglioma; GBM = glioblastoma; OD = oligodendroglioma; PA = pilocytic astrocytoma.
point. Biopsy was performed at range from 20 mm to 10 mm to include both regions of decreased and disappeared neural activity (Fig. 6D) and to avoid obtaining only cystic content. Actually, solid component without cystic fluid was found in the biopsy samples. Pathological examination of permanent sections confirmed that the diagnosis was pilocytic astrocytoma, and the sample contained tumor and normal brain tissue with an obvious boundary (Fig. 6C ).
case 9 (smallest tumor)
The patient was a 7-year-old boy whose T1-weighted MRI studies obtained with Gd (Fig. 7A, C, and D) showed a left thalamic lesion with a maximum diameter of 10 mm. Selective biopsy was planned to obtain a sample of the enhanced lesion with the tentative target in the center of the enhanced lesion. After passing through the internal capsule, the electrode had reached the thalamus at 10 mm. Neural activity began to decrease from 9.5 mm and disappeared from 5 mm to -5 mm. Biopsy was performed from 6 mm to -4 mm (Fig. 7E) . Pathological examination of rapid-frozen and permanent sections provided a diagnosis of ganglioglioma (Fig. 7B) . As mentioned above, burst neural activity was not found within the tumor.
discussion diagnostic Yield
Previous series of stereotactic biopsy have included more than 150 patients since 2005, and have achieved diagnostic yields from 82.95% to 98.37%. 6, [8] [9] [10] [11] 14, 20, 27, 39 The size and location of tumors were quite different in the 32 cases without microrecording compared with the 12 cases with microrecording. Despite the larger tumors in the former, histological diagnosis could not be confirmed in 2 cases, with a diagnostic yield per patient of 93.8%. Our present technique with the aid of microrecording resulted in a diagnostic yield of 100%, because we could distinguish tumor and normal tissue in real time during surgery by using data from both imaging and neural activity monitoring. The samples were obtained at the point identified as tumor based on the disappearance of neural activity. The diagnostic yield for most cases of HGG has been increased by selective sampling of marginal components because these tumors show high tumoral activity in the outer layer, whereas most of the inner component of tumor consists of necrosis. 10 The present technique could selectively sample the marginal component by identifying the border of the tumor based on neural activity monitoring.
postoperative complication and mortality rate
In the present study a postoperative complication oc- curred transiently, in only 1 patient, and the mortality rate was 0%. Previous series of stereotactic biopsy including more than 150 patients since 2005 had postoperative complication rates from 2.9% to 12.1%, and mortality rates from 0.6% to 1.34%. 6, [8] [9] [10] [11] 14, 20, 27, 39 Mortality rates are higher in cases of thalamic or basal ganglia lesion, and complication rates are increased in cases of brainstem lesion. 8, 14 In the present study, the mortality rate was 0% and the symptomatic hemorrhage rate was 0% despite the target tumors located in the thalamus, midbrain, or cortex. These rates are similar to the mortality rate of 0% and complication rate of 3.1% in our series of image-guided stereotactic biopsy without deep microrecording, which included 32 cases with tumor not located in deep brain structures. In the present study, postoperative transient sensory disturbance occurred only in Case 11. In this case, the biopsy sample was obtained in the region showing stable, burst, and decreased neural activity; therefore, the procedure clearly affected the function of normal brain.
associations between electrophysiological, mri, and pathological Findings
In all cases neural activity had disappeared in the tumor, as shown in our previous preliminary study, 29 regardless of the enhancement pattern, and diagnostic yield was 100% using the samples obtained from the region of disappeared neural activity. Moreover, neural activity disappeared in the tumor regardless of the histological type.
The following 2 cases clearly demonstrated the association between electrophysiological, MRI, and pathological findings in the area where the neural activity disappeared and its surrounding area. In a patient with pilocytic astrocytoma (Case 10), neural activity disappeared at 15 mm from the target point and a biopsy sample was obtained at a range from 20 mm to 10 mm by using the 10-mm side-hole-length biopsy needle. In the surgical sample intended to obtain tissue consisting equally of the decreased neural activity area and the disappeared neural activity area, histological examination confirmed that the sample contained both normal brain and tumor tissue with an obvious boundary. The MRI studies showed that the enhanced lesion thickness around tumor cyst was approximately 5 mm, which corresponded to the region with disappeared neural activity. These observations suggest that neural activity has disappeared in the ring-enhanced region, which was proved to be a tumor tissue in the case of LGG.
In a patient with malignant lymphoma (Case 11), samples of both regions of disappeared neural activity and decreased and burst neural activity were obtained separately. Histological examination confirmed that the density of tumor cells was obviously lower in the region of decreased and burst neural activity compared with the region of disappeared neural activity, indicating that decreased and burst neural activity corresponds to tumor cell invasion. These findings indicate that the regions of decreased neural activity have different pathological features in LGG and malignant lymphoma. A PET study performed using amino acid tracer has revealed tumor cell invasion in the high-intensity area on T2-weighted imaging around enhanced tumor on T1-weighted MRI studies obtained with Gd. 40 Further investigation is needed to identify any correlation between the electrophysiological and MRI findings around the tumor.
Algorithm to Identify Tumors With High Specificity
We tried to develop an algorithm to identify tumors with high specificity based on the sequential electrophysiological findings. If the depth microrecording reveals that the neural activity begins to decrease along the trajectory during surgery, this indicates that the electrode is contacting the surrounding area of the tumor and is approaching the margin of tumor core. Sometimes, burst discharges are identified on the outer marginal zone of the area of decreased neural activity, which is strongly suggestive of malignancy in the tumor. After passing through the area of decreased neural activity, neural activity disappears. However, neural activity is often found only during the insertion of the electrode, which we call injury discharge, and occurs on the narrow border zone between the area of decreased and disappeared neuronal activity. This area may consist of a few neurons and a quite high density of tumor cells, so that electrical activity is found only during insertion of the electrode. After passing through this narrow border zone, neural activity disappears at the margin of the tumor core. This effect is more obvious in cases of LGG. A schematic representation of our proposed algorithm to identify tumors with high specificity is shown in Fig. 8 .
epileptogenicity of brain tumor
Burst discharges were detected in the marginal zone of the area of decreased neural activity along the trajectory during surgery in 6 of 12 cases. Such electrophysiological findings and the MRI and histological data in our study might suggest methods for in vivo investigation of cases of epileptogenicity of brain tumor. The electrophysiological and histological study revealed that the neural activity decreased on the area of tumor invasion or peritumoral edema and also demonstrated that burst neural activity in the thalamus tended to correlate with the presence of a high-intensity area on T2-weighted MRI surrounding the enhanced lesion and usually encountered outside the decreased neural activity area, if present. Burst neural activity was considered to be encountered in the outer zone of high-intensity area on T2-weighted MRI. In the tissue surrounding the tumor, particularly malignant tumor, all neuronal function decreased, but imbalance of excitatory and inhibitory neuronal activity might occur in the outer zone. 2 Experimental study indicated that decreased inhibition in the hippocampus caused disinhibition, whether of the inhibitory g-aminobutyric acidergic neurons or the surrounding neurons that activate the inhibitory neuron remains unclear, and was involved in the pathophysiology of the epileptic state in the experimental epilepsy rat model. 36 Also, selective degeneration of inhibitory g-aminobutyric acidergic interneurons following hypoxia may be related to the development of epilepsy. 35 Moreover, experimental study of the vulnerability of neuronal cells in the brain suggested that inhibitory neurons are easily damaged and degenerated in the thalamic reticular nucleus following transient ischemia due to raised intracranial pressure. 33 Therefore, if the activity of inhibitory neurons is relatively more decreased than that of excitatory neurons, hyperexcitation of excitatory neurons might occur due to disinhibition in the outer zone of the high-intensity area on T2-weighted MRI, resulting in appearance of burst discharge. Such electrically unstable conditions might spread to the surrounding brain structures through fiber connections, causing the epileptogenic state in the brain. Recent clinical study of the seizure outcome after surgery for LGG demonstrated the importance of peritumoral condition, shown as a high-intensity area in T2-weighted MRI, for controlling postoperative epileptic seizure. 16 Further investigation in vivo is needed to clarify this epileptogenic mechanism of the tumor.
indications and limitations of our technique
The error of MRI navigation at the target point is 4.1-5.9 mm. 4, 34 Moreover, accurate positioning information is difficult to obtain in real time during surgery using only MRI-guided stereotactic biopsy. The present technique provided accurate positional information based on deep brain activity microrecording in real time during surgery and was useful for biopsy of thalamic or small brainstem tumor, in which sampling tissue is difficult to obtain. 8, 14 Biopsy of the intended tissue could be performed safely and definitively, even in cases of small tumor with a diameter of 10 mm or narrow target tumor with only enhanced capsule. Selective removal of the most malignant components is necessary for accurate diagnosis of glioma, 13, 28, 30, 32 which was possible with our technique because we can distinguish the tumor boundary based on deep brain activity microrecording.
This study indicates that selective biopsy at the boundary of the region of disappeared neural activity increases the accuracy of biopsy targeting within glioma, although the electrophysiological characteristics might vary with the histological type or invasiveness of the tumor. These advantages can increase the diagnostic yield. The tumor was less easy to distinguish in biopsy samples of cortical lesion than in subcortical lesion, because the changing pattern of neural activity along the trajectory varied depending on the location of the tumor and the starting point of recording. Moreover, the tumor was less easy to distinguish in the deep cortical lesion because gray matter and white matter were arranged alternately along the trajectory, and neural activity was found in the former but not in the latter. We recommended surgery with local anesthesia in patients with good performance status for optimum neural activity recording, but we were able to obtain adequate neural activity recording for successful biopsy under general anesthesia in 4 patients.
conclusions
Image-guided stereotactic biopsy performed using depth microrecording was safe, provided accurate positional information in real time, and could distinguish the brain tumor from normal brain structures during surgery. Moreover, this technique has a potential use for studying the epileptogenicity of the brain tumor.
acknowledgment
We thank Dr. Akio Takahashi (Department of Neurosurgery, National Center Hospital, National Center of Neurology and Psychiatry, Kodaira, Tokyo, Japan) for the introduction of patients and technical assistance.
references

